We report on the first experimental results for microwave spectroscopy of the hyperfine structure of p 3 He + . Due to the helium nuclear spin, p 3 He + has a more complex hyperfine structure than p 4 He + , which has already been studied before. Thus a comparison between theoretical calculations and the experimental results will provide a more stringent test of the three-body quantum electrodynamics (QED) theory. Two out of four super-super-hyperfine (SSHF) transition lines of the (n, L) = (36, 34) state were observed. The measured frequencies of the individual transitions are 11.12559(14) GHz and 11.15839(18) GHz, less than 1 MHz higher than the current theoretical values, but still within their estimated errors. Although the experimental uncertainty for the difference of these frequencies is still very large as compared to that of theory, its measured value agrees with theoretical calculations. This difference is crucial to be determined because it is proportional to the magnetic moment of the antiproton.
Hyperfine structure of antiprotonic helium
The interaction of the magnetic moments of its con- In p 4 He + , however, where the 4 He nucleus has 60 zero spin, only a quadruplet structure is present.
61
The hyperfine structure of the (n, L) = (37, 35) 62 state of p 4 He + was already extensively studied. where µ N is the nuclear magneton. This is more 68 precise than the previous measurement by Kreissl et 69 al. [6] . The agreement with µ p s was within 0.24% [7, 8] .
71
New microwave spectroscopy measurements with 72 p 3 He + were started, studying the state (n, L) = (36, 34).
73
It was the first attempt to measure the microwave tran- which we report on two: 
142
The spectrum with the two laser-induced peaks super-
143
imposed on the exponential tail is displayed in Fig. 2 .
144
Since the intensity of the antiproton pulse fluctuates 146 from shot to shot, the peaks must be normalised by the 147 total intensity of the pulse (total). This ratio is referred
148
to as peak-to-total. The peak-to-total (ptt) corresponds 149 to the ratio of the peak area (I(t 1 ) or I(t 2 )) to the to- 
172
The laser transition between the (n, L) = (36, 34) and trum (ADATS) with the two laser-stimulated annihilation peaks against the exponentially decaying background of the metastable cascade. T denotes the delay time between the two laser pulses. The photomultipliers are gated off during the initial p pulse arrival [14] . Thus the prompt peak is cut off and only the annihilations due to the metastable state depopulation are recorded.
Experimental setup
The antiprotons for the experiment were provided by are gated off during the initial p pulse arrival [14] .
191
The microwave pulse was synthesized by a vector transmitted the microwave pulse of ∼20 µs to the cavity. a resonance frequency of 11.14 GHz, which is in the 218 middle between the two SSHF transition frequencies.
219
For the other two transitions another cavity with a reso-220 nance frequency of 16.13 GHz will be used in the future.
222
The cavity was built of brass, which has proven is defined by its dimensions -length l and radius r.
227
The cavity used for the measurements of the 11 GHz When designing the target, the width of the resonance The measurements were all performed with a target pressures is planned to be done in the future. is given by [19] 317
Here X(ω) is the probability that an atom is transferred T [19] .
331
The Fourier transform of the rectangular microwave 332 pulse gives a lower limit for the transition line width.
From the fit, the frequencies for the measured ν There were also systematic effects, which had to be 368 considered. The largest influence was due to the shot- lisional shift much smaller than our error bars [13] .
438
The deviation between the experimental and theoreti- 
Conclusions
We have reported on the first microwave spectro- 
